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Abstract: The Hilbert-Huang transform ( HIIT) is used to analyze the time series from nine superconducting 
gravimeter ( SG) stations and 22 broadband seismometers to investigate the anomalous signals prior to the great 
2010 Maule earthquake. The results show that seven SG time series and 20 broadband seismometer time series 
have anomalous signals lasting about one to three days before the earthquake occurrence. The anomalous sig-
nals appear around the frequency bands 0. 07Hz and 0.15Hz in SG records while around the frequency band 
0. 13Hz - 0. 2Hz in seismic records , and the reason why they appear in different bands might be attributed to 
the intrinsic nature and different sensitivities of different kinds of instruments. Because more than 87% records 
have the anomalous signals prior to the earthquake , and no typhoon event is found in our chosen time window , 
we may conclude that the anomalous signals might be precursory signals of the great 2010 Maule event. How-
ever, we do not rule out other possible excitation sources. 
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1 Introduction 
Various efforts [ 1 - 13 J have been made to detect different 
kinds of anomalous signals prior to large earthquakes 
( larger than 7. 0) . Especially the pre-earthquake iono-
spheric anomaly was registered by continuous GPS TEC 
measurements[S-lOJ, and some anomalous signals were 
observed by absolute gravimeters and broadband seis-
mometers prior to certain large earthquakes[4 ,s]. In ad-
dition , based on the records from one superconducting 
gravimeter ( SG) and 11 broadband seismometers , a-
nomalous signals prior to the Wenchuan earthquake 
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were found(IJJ. Study of precursory signals of large 
earthquakes may improve our understanding of the 
earthquake mechanism. 
The Mw8. 8 Maule ( Chile) earthquake, the sixth 
strongest event in record since 1900, occurred on Feb-
ruary 27, 2010 at 03 : 34 local time. In this study, the 
SG records and the broadband seismometers records are 
chosen to investigate the anomalous signals prior to the 
2010 Maule earthquake. 
In standard geophysics data processing routines , 
both the Fourier transform and wavelet analysis have 
been used to determine the spectra. One underlying as-
sumption for using Fourier or wavelet analysis is that 
the time series are in a wide-sense stationary. Howev-
er, almost all geophysical time series are non-stationa-
ry. Hence , in this paper , we use a nonlinear and non-
stationary time series analysis method, the Hilbert-
Huang transform ( HHT) technique[141 , to investigate 
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the anomalous signals prior to the 2010 Maule event. 
2 Data and method 
Previous studies have shown that the anomalous signals 
may appear around 0. 1Hz, hence, we need records 
with at least a five-second sampling interval. Nine SG 
records with one-second sampling interval are obtained 
from the GGP stations , listed as Apache Point ( AP ) , 
Bad Homburg ( BH ) , Canberra ( CB ) , Medicina 
(MC), Metsahovi (ME), Ny-Alesund (NY), Pecny 
(PE), Strasbourg (ST), and Wettzell (WE), and 22 
seismic records are collected from the broadband seis-
mometer stations, listed as AAK, ARU, ASCN, BFO, 
BRVK, CAN, COLA, CTAO, FFC, GUMO, HRV, 
KDAK, MIDW, OBN, PMG, PMSA, QSPA, SACV, 
SUR, TAM, TAU and TUC (the datasets can be 
downloaded from the Incorporated Research Institutions 
for Seismology ( IRIS ) , http :II www. iris. edul da-
tal) . The distributions of the SG and seismometer sta-
tions are shown in figure 1. In this study , we select 
SGs and broadband seismometers records covering the 
time span ( February 20, 06 : 34, to February 28, 
06 :34, 2010, UTC) before and after the 2010 Maule 
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earthquake. For the seismic datasets, the original seis-
mic count-records are converted to accelemtion re-
cords , and down -sampled to 1 second interval, and 
then, remove the mean, trend and instrument re-
sponse. As for the SG records, we remove the tides, 
local atmospheric pressure effect , and the trend term. 
After the preprocessing, nine residual gravity series 
and 26 broadband seismometer series are obtained for 
further use. 
To analyze the residual time series the HHT method 
is applied , which consists of the empirical mode de-
composition ( EMD ) [ 141 and Hilbert spectrum analysis 
( HSA) [ 141 . However, the EMD has some unsettled is-
sues, such as the scale-mixing problem and the end 
effect , although it has demonstrated its applicability in 
a wide range of geoscience studies[I5-20J in last dec-
ade. Therefore, as a technique of further improving the 
EMD, the ensemble empirical mode decomposition 
( EEMD ) [211 is applied to the residual time sequences 
as a dyadic filter bank. It has been demonstrated that 
the EEMD can markedly alleviate the scale-mixing 
problem and the end effect[18l. Comparing with the 
EMD[14J, the EEMD was developed in following as-
pects[211: 
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Figure 1 The distributions of the SG and seismometer stations. The red circle indicates the geographical 
position of the 2010 Maule event. The purple triangles indicate the seismometer stations , and the green 
pentagons indicate the SG stations. The station names marked with green color represent that there are 
no anomalous signals observed from the corresponding time series, and the station names marked with blue 
color represent that there are anomalous signals observed from the corresponding time series. 
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1 ) add a white noise series to the targeted time se-
nes; 
2) decompose the series with added white noise into 
IMFs ( intrinsic mode functions) ; 
3 ) repeat step 1 and step 2 by iterative way, but 
with different white noise series each time; 
4) obtain the ( ensemble) means of the correspond-
ing IMFs of the decompositions as the final IMF. 
The effects of the decomposition using the EEMD are 
that the added white noise series cancel each other in 
the final mean of the corresponding IMFs; and the 
mean of IMFs stays within the natural dyadic filter win-
dows and thus significantly reduce the possibility of the 
mode mixing and preserve the dyadic property[Zl]. 
For the collected 31 residual time series (the series 
after preprocessing of the original records) , based up-
on the EEMD, the IMFs are obtained for each series, 
and different scale signals in a residual time series are 
re-combined by the proper IMFs based on the fact that 
different IMFs have different frequency bands. Then, 
according to the target frequency band ( 0. 01 Hz -
0. 3Hz in this study) , only the first three IMFs of each 
residual time series are chosen for further use. In this 
process, the EEMD is used as a dyadic filter bank. 
For each residual time series, the first three IMFs can 
be considered as a new sequence , and then , the HSA 
analysis is used for all the 31 new sequences to obtain 
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the Hilbert spectra, from which we investigate the a-
nomalous signals prior to the 2010 Maule event. 
3 Results 
After using the HHT analysis , 31 Hilbert spectra are 
obtained. There are only two SG time series ( CB and 
ST) and two seismic time series ( AAK and TAM ) 
from which one cannot find the anomalous signals be-
fore the 2010 Maule event, and these four times series 
are not considered anymore in the sequel. From the 
Hilbert spectra of the left 27 time series , anomalous 
signals can be found from each time series. As an ex-
ample , here we only show the results of four SG series 
and four seismic series by figures 2 and 3 , respective-
ly. The red arrows in figures 2 and 3 indicate the a-
nomalous signals , and it should be noted that a Mw6. 0 
earthquake occurred on 2010 February 22 at 07 : 00 
UTC time, and a Mw7. 0 earthquake occurred on 2010 
February 26 at 20 : 31 UTC time , about 10 hours before 
the 2010 Maule event. The two events are the only two 
earthquakes , whose magnitudes are larger than 6. 0 be-
fore the 2010 Maule event in the chosen time window. 
Since the Mw7. 0 earthquake occurred just 10 hours ear-
lier than the Mw8. 8 Maule earthquake , the anomalous 
signals could be considered as precursory signals prior 
to and caused by both the Mw7. 0 and Mw8. 8 events. 
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Figure 2 The Hilbert spectra of the four SG time series. Figures ( a) - ( d) are corresponding to the results from 
the ME ( Metsahovi), PE ( Pecny) , WE ( Wettzell) , and MC ( Medicina) stations, respectively. The green 
arrows indicate the three earthquakes in our chosen time window and the red arrows 
indicate the possible anomalous signals ( hereafter the same) 
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Figure 3 The Hilbert spectra of the four seismic records. Figures (a) - (d) results corresponding to the 
ARU, HRV, MIDW and OBN stations, respectively 
From figures 2 and 3, we find anomalous signals 
( indicated by red arrows ) appearing in different fre-
quency bands from the SG series and the seismic se-
ries, respectively. In order to observe the frequency 
bands more clearly , we choose a narrower time window 
( February 24 , 20 : 34 , to February 26 , 20 : 34 , re-
ferred to as the anomalous days) which covers the peri-
od just before the Mw7. 0 event to obtain their corre-
sponding power distribution. In addition, for compari-
son , we choose records from relatively quiet days to 
show the corresponding frequency bands , and the time 
window of the relatively quiet days covers the period 
from February 20 , 06 : 34 , to February 22 , 06 : 34 
(see figure 4). The relatively quiet days are defined as 
the days that no earthquake larger than Mw6. 0 occurs 
in those days , and before and after these days at least 
three or more days are away from large earth-
quakes [ 13 l • As an example , the power spectra of the 
time sequences from four SG stations ( ME , PE , WE , 
and M C ) and four seismic stations ( AR U , HRV , 
MIDW, and OBN) in the anomalous days and relative-
ly quiet days are shown in figure 4. Our results show 
that, for the SG records , two spectral peaks around 
0. 07Hz and 0. 15Hz are very notable, and for the seis-
mic sequences, only one spectral peak in the 0. 13Hz 
to 0. 2Hz frequency band is very notable. This phe-
nomenon may be related to the intrinsic nature and dif-
ferent sensitivities of the instruments, and especially 
the oceanic wave effects[ 24 J. We note that the power 
spectra of the time series in the anomalous days are sig-
nificantly stronger than the corresponding ones in the 
relatively quiet days for almost all the stations ( just 
like figure 4 ) , and the explanation of the possible 
mechanism is referred to the literature[ 13 J. 
Since the Mw6. 0 earthquake occurred before the a-
nomalous signals, one may assume that the Mw6. 0 
earthquake caused the subsequent anomalous signals. 
However, the energy released by an earthquake decays 
quickly. But in this study, we find that the anomalous 
signals gradually increase after the Mw6. 0 event. In 
addition, one may assume that typhoon events could be 
the cause of the anomalous signals ( see reference 
[ 13 ] ) ; hence , we need to examine whether there are 
some typhoon events occurred at Pacific in our chosen 
time window (http://agora. ex. nii. ac. jp/digital-ty-
phoon/) . The first typhoon event in 2010 occurred on 
March 24, 12 :00, namely, there is no typhoon event 
occurred in our chosen time window or a proper time 
period previously to it. Previous studies[ 5 J have shown 
that the typhoon event causes oscillation signals in the 
frequency band of 0. 2 - 0. 25Hz. However, from the 
SG sequences the anomalous signals appear around the 
two frequency bands, 0. 07Hz and 0. 15Hz (see figures 
2 and 4) , and these two frequency bands are not relat-
ed to typhoon events[ 13 l , neither to the tidal signals. 
By further investigation , one finds that these two fre-
quency bands are closely related to the DF (double-
frequency) and SF ( single-frequency) microseism 
peaks[ 23 ' 24 ] [see figure 1a in reference[24]]. Further-
more , figures 3 and 4 show that the seismic anomalous 
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Figure 4 The power spectra of eight time series as an example : figures ( a) - ( d) , results corresponding to 
four SG stations; figures ( e) - ( h) , results corresponding to four seismic stations. The red curves denote the 
spectra of the times series in relatively quiet days (here in this figure, February 20, 06 : 34, to February 22, 
06 : 34, 2010) , and the blue curves denote the spectra of the times series in the 
anomalous days (February 24, 20 : 34, to February 26, 20 : 34, 2010). 
signals mainly appear in the frequency band 0. 13 -
0. 2Hz, which is relatively close to the DF microseism 
peak. The anomalous signals appeared before lager 
earthquakes make the microseism peaks much higher 
and stronger than the corresponding spectrum peaks of 
the time series in the relatively quiet days. 
As a summary, our results ( figures 2 - 4) show that 
there are anomalous signals prior to the 2010 Maule e-
vent in 7 SG time series and 20 seismic time series 
from originally collected 31 records, namely , more 
than 87% recorded time series have anomalous signals 
prior to the 2010 Maule earthquake. 
4 Conclusion 
Based on nine SGs records and 22 broadband seismom-
eters records with the sampling interval 1Hz , we inves-
tigated the anomalous signals prior to the 2010 Maule 
earthquake using the EEMD and HSA analysis. The 
results show that 7 SG records and 20 seismic time se-
ries have anomalous signals about one to three days be-
fore the 2010 Maule Mw8. 8 earthquake. For SG se-
quences, the anomalous signals appear around 0. 07 Hz 
and 0. 15Hz, and for seismic sequences, the anoma-
lous signals appear in the frequency band 0. 13 -
0. 2Hz. Though these frequency bands are very close to 
the frequency bands of the microseism peaks caused by 
ocean waves , the magnitudes corresponding to the for-
mer are much larger than those corresponding to the 
latter. In addition, there is no typhoon event occurred 
in our chosen time window. This implies that those a-
nomalous signals must not be excited by a typhoon e-
vent. Our results show that more than 87% stations 
have the anomalous signals prior to the earthquake. As 
a case study, we wonder that these anomalous signals 
might be caused by the 2010 Maule earthquake. How-
ever, more extensive experiments and statistical analy-
sis are needed before any definite conclusion could be 
formulated. 
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